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ABSTRACT 
Concrete pavements generally show excellent performance; however, some have 
shown premature joint degradation at young age in recent years. There are many causes 
of premature deterioration including poor mix designs, reaction with deicers, and to fluid 
absorption. This study discusses the scaling on the surface of concrete produced using 
different aggregates, sawing techniques and equipment, and their performance after 
applying silane to the surface. In total 30 samples with and without silane coating were 
taken into consideration. Wisconsin limestone and granite were the two types of 
aggregates considered and one field section consisting of two distinct mix design were 
created. For measuring the durability properties 4% of NaCl solution was used following 
ASTM C 672. A gap was left on the vertical saw cut face to measure the joint deterioration 
on the vertical surface in addition to surface scaling. All samples underwent 50 cycles, 
one cycle per day and visual inspection after every 5 cycles was carried out and was 
recorded. After the testing was completed the samples were cut perpendicular from the 
vertical sawn cut face and reacted with silver nitrate solution to determine the chloride 
penetration. The absorption test was also conducted on silane treated and non-treated 
samples. Scaling results indicated that the treated samples had better performance than 
the non-treated  samples. Silane coated samples of the granite samples had better 
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performance than limestone samples. Various analyses were conducted to derive the 
conclusion. 
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CHAPTER 1. INTRODUCTION 
1.1 Background 
Concrete pavements can be durable and long lasting, however in recent years 
modern concrete pavements have shown premature joint deterioration. The State of 
Wisconsin has observed wide-spread premature deterioration in newer pavements. Joint 
deterioration is observed immediately near the joints and sometimes continues progresses 
into the center slab. Figures 1.1 and 1.2 shows the example of joint deterioration in 
concrete structure. 
Recently, evaluation of the factors responsible for the joint deterioration has been 
discussed on the wide scale. Normally the factors affecting joint deterioration are mixture 
proportions, properties such as air content, aggregate mixture, admixtures, water cement 
ratio, durability cracking (D-cracking), and many others. Generally, joint deterioration 
has been linked directly to aggregate quality and D-cracking, However, deterioration of 
the concrete surface  common to bridge decks, sidewalks, pavements and other outdoor 
flat applications in scaling are not caused by D-cracking. In flat applications, deterioration 
depends on concrete quality, finishing technique, but also the deicing salts including type 
of salt, concentration, timing of exposure. 
This study compares near-joint concrete specimens produced across the sawing 
window spectrum and surface properties and durability between samples with and 
without a topical silane sealer. Testing was performed on mixtures containing granite or 
limestone coarse aggregate. Results include water absorption, deicer salt scaling, and 
chloride penetration.  
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Figure 1.1 Joint deterioration at intersections (Whiting, N. M el at., 2017)) 
 
 
      Figure 1.2 Example of Joint Deterioration. (Miller. J.S., & Bellinger. W.Y., (2014)) 
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1.2 Research Objective 
The objective of this research was to evaluate performance of the concrete 
samples based on surface deicer scaling. Results compare visual assessment with chloride 
ion penetration and absorption after applying silane. Two concrete mixtures were 
prepared, one with limestone as the coarse aggregate and other with gravel. Concrete was 
placed in a field section in Wisconsin and transported to UMKC for testing. Partner 
samples were further coated with silane, so each sample had an original specimen and 
other with 40% of silane coating. For example limestone mix sample 16 is indicated as 
L16 and partner sample coated with silane is indicated by Ls16. Here for L16, L 
represents limestone and 16 is the marked joint number on the pavement and similarly 
with granite, G indicates granite and the number indicates the joint number on the 
pavement. Chapter 3 provides a specific discussion of the joint variable considerations. 
All the samples were tested in the laboratory according (ASTM C 672) and absorption 
tests were conducted (ASTM C 1585). Every sample completed 50 cycles of freezing and 
thawing, with one cycle per day. At regular period sample were visually investigated 
according to standard  and pictures were taken for reference. 
At the end of 50 cycles the samples were dried, and all the samples were 
perpendicularly cut from the sawn cut face using a dry saw. All the samples were reacted 
with silver nitrate solution to measure chloride penetration in each permutations and data 
was collected and recorded. The results and parameters were analyzed. The objective of 
the project was to analyze if the silane treated samples performed better than the original 
samples. Analyses was based on surface scaling, chloride ion penetration, absorption. 
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CHAPTER 2. LITERATURE REVIEW 
2.1 Introduction 
Approximately 15% of the accidents occur due to ice and snow formed on the 
roads and streets (Wu et al., 2015) and cold regions in North America experiences heavy 
snow and ice formation every winter. Each year the U.S. uses more than 15 million tons 
of deicing agents for ice and snow control (Shi et al., 2010). Minimizing the bonding 
between ice and snow with the concrete pavement is necessary. There are various ways 
of dealing with ice and snow formation, one of those is using deicer chemicals to loosen 
the bond between the ice and concrete pavement.( Zhang et al., 2009). Initially, Rock salt 
in dry form was used in highway pavements, however it was studied that the solid form 
of deicer chemical on the wet pavements were less absorbed, so modifications were made, 
and salt brine solution was applied to concrete surface for rapid ingression. There are four 
types of application for deicing and anti-icing at national level anti-icing, deicing, 
mechanical removal of ice  and snow together with friction, and mechanical removal 
alone and four types of materials used for deicing or anti-icing abrasives can be classified 
as  solid ice control materials, pre-wet solid ice control chemicals, and liquid ice control 
chemicals. This study focuses on deicing method (ASTM C 672)  and the material used 
for this study is liquid chemical. ( Xiao D et al., 2018).  
Scaling is the superficial damage that occurs during freezing in the presence of 
saline water (Valenza, J. J., & Scherer, G. W., 2006). Several physical and chemical 
mechanisms are responsible for scaling and cracking of the concrete (Shi X et al., 2009). 
In this study, only physical mechanisms are focused. Various physical mechanisms are 
discussed in many studies, but this study focuses on salt crystallization, osmotic pressure, 
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wetting/drying cycles (Valenza, J. J., & Scherer, G. W., 2006). No single mechanism 
accounts for all the mechanisms. 
Salt crystallization causes scaling on the surface of concrete, it is not possible for 
salt to crystallize in unsaturated conditions. Crystals in supersaturated condition can exert 
high pressure, it they are confined in a space they can create enough pressure to disrupt 
the matrix (Sumsion, E. S., & Guthrie, W. S., 2013). Osmotic pressure plays an important 
role in scaling of the concrete ,dissolved deicing chemicals might become concentrated 
in pores. The large concentration affects the osmotic pressure that develops in the 
concrete during freezing. When the pore water freezes salt ions are excluded from the ice 
and are then concentrated in remaining pore water in super cooled state. The water 
molecules in the areas of lower concentration diffuses towards higher concentration. The 
osmotic pressure resulting from water diffusion creates tensile stress in concrete, hence 
deteriorating concrete especially near high salt concentration (Shi X et al., 2009). Wetting 
and drying mechanism causes scaling in concrete. Deicing salts increase surface tension, 
several studies showed that fluid absorption is related to surface tension. Wetting and 
drying of the surface causes scaling on the concrete surface due to low humidity. Deicing 
solutions have lower humidity than water, it keeps surfaces wet. So, the concrete surface 
will be saturated and will be victim of scaling. 
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2.2 Selecting deicing chemical 
Chloride-based deicers are the considered to be economic way of treating the 
concrete surface. Most commonly chlorides used are calcium chloride, magnesium 
chloride and sodium chloride, out of which sodium chloride is effective at the lowest 
temperature and is cheaper than calcium and magnesium chlorides. The reason for not 
using calcium chloride is formation of calcium oxychloride when exposed to cementitious 
materials and causes more scaling on the surface of concrete compared to sodium chloride 
(Suraneni et al., 2016). Table 1 shows the comparison of effective and eutectic 
temperatures in chloride-based deicers. It is clear from the table that sodium chloride has 
the effective temperatures higher than magnesium and calcium chlorides. This study has 
taken sodium chloride as deicer solution and the scaling results on concrete surface were 
evaluated based only sodium chloride as in the past it was studied to be better chloride alt 
than calcium and magnesium (Wang et al., 2006) 
Table 1 Comparison of eutectic and effective temperatures for common deicers (Liu et 
al., 2010) 
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2.3 Durability tests on concrete 
In many countries, the deicer salt scaling deterioration of concrete structures has 
been a major concern for many years and solution to these problems is been researched 
but all the results have their own limitation (Şahin et al., 2010) . Firstly, facts which are 
basically concerning surface scaling are scaling occur when concrete freezes in presence 
of deicer salts. Secondly, the effects of salts are only physical in nature and lastly, scaling 
occurs in a progressive manner, it slowly damages thin layers and after certain point it 
damages the first layer completely and enters the next layer of concrete (Pigeon et al., 
1996). In past, studies on concrete used various concentrated deicer solutions and 
evaluated their performance on Portland cement (Shi X et al., 2009). The study of surface 
scaling was done in UMKC on concrete containing fly ash in the mixture, with lower 
water cement ratio and optimum air entrainment. The durability aspects were investigated 
with scaling resistance (ASTM C 672) and chloride ion penetration was also determined. 
The tests were carried out according to standard, which included visual investigation of 
scaling on horizontal surface of the concrete and evaluating them by rating from 0-5, 
where 0 is the best performance and 5 is the worst performance. Table 2 shows the 
breakdown of the visual rating of scaling damage. Figure 2.2 illustrates an example of 
surface scaling on concrete pavement. 
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Table 2 Visual rating of scaling damage (ASTM C 672) 
 
 
 
 
Figure 2.1 Example of scaling of concrete (Sutter et al., 2008) 
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Absorption of the concrete is based on concrete mixture proportions, presence of 
admixtures, entrained air, degree of hydration and presence of surface treatments such as 
sealers and oils (ASTM C1585-04). The capillary absorption test is based on immersion 
of the concrete specimen in a water vessel to a depth of certain millimeters and 
investigating the change in weight of the concrete due to water absorption in the concrete 
by the mechanism of capillary rise (Alexander et al., 2017) The figure 2.3 shows the 
schematic diagram of capillary absorption test. 
 
Figure 2.2 Schematic diagram of absorption test (ASTM C1585) 
 
The figure shown above shows the water till 2mm and the specimen is not a cube, 
however some studies took molded cubic specimen (100x100x100 mm) and the specimen 
was immersed in 5mm water level according to ASTM 1585-04. The specimens to be 
tested were stored in ventilated oven at temperature of (50±2)℃ and RH of (8±3)% for 3 
days until constant. The side faces were sealed by resin to make sure the flow is 
unidirectional and to avoid evaporation of absorbed water (Yahiaou et al., 2017). This 
paper has taken  cubic specimens and water absorption test was evaluated and compared 
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within silane treated samples and original samples, the sawn cut face was kept unsealed 
and test was carried out. 
The chloride penetration can be determined by three methods AgNO3, 
AgNO3 + K2CrO4 and AgNO3 + fluoresceine colorimetric methods. Among three 
methods, it is said that AgNO3 is most efficient and widely spread method to determine 
the chloride ion  penetration based on comparison (He et al., 2012). Chloride penetration 
depends on the type of mixture and proportion of fly ash in the mixture, it was seen that 
the results improves with the increase in fineness of fly ash.(Chindaprasirt et al., 2007). 
The chloride content can be recognized by examining the color change boundary on the 
specimen (Meck, E & Sirivivatnanon, V., 2003). Samples were sprayed by AgNO3 and 
examined after 24 hours to record the color change and the thickness of the color 
boundary. The studies have been done to see influence of recycled concrete aggregate on 
chloride penetration (Otsuki et al., 1993). In this study two different types of aggregates 
were considered, and color boundary were recorded. Figure 2.4 illustrates the concrete 
sample after reacting with AgNO3, the white lining shown in the figure is the color 
boundary for the chloride penetration. 
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Figure 2.3 Showing the concrete sample reacted with AgNO3  (He F et al., 2012) 
2.4 Sealers 
Surface treatments in concrete has been studied over past decades, treatment on 
surface has become more important to decrease deterioration and damage in concrete 
(Pan et al., 2017). Also, concrete pavements are prone to damage when exposed to 
deleterious chemical substances penetrate the concrete and cause the damage. Chloride 
penetration can cause damage to concrete. This type of penetration can be dangerous 
when it comes to bridge members, piles, caps, girders or even decks. Therefore, 
researchers were hired under NCHRP project 12-19 A, many sealers were evaluated both 
organic and non-organic. The study had laboratory evaluation and the results were not 
absolute but comparable (NCHRP (244)., 1981). In previous studies it has been 
researched that the penetration of chlorides can be reduced by concrete sealers and 
multiple concrete overlays. The study determined that the sealers like Silane , Siloxane, 
can be used to reduce the permeability of the chloride ions (Wright et al., 1993). The 
studies have been done to estimate chloride penetration depth which includes measuring 
the change of color in the direction of chloride flow using 0.1 M silver nitrate solution on 
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the perpendicularly sawn concrete sample (Jiesheng et al., 2017). In this study every 
sample of concrete had a mirror sample coated with silane to compare chloride ion 
penetration, absorption, and surface scaling. Comparing the silane treated sample and 
non-treated sample in this research paper, the treated samples showed better performance 
on surface scaling, chloride ion penetration, and absorption. 
2.5 Gradation on durability of concrete 
Numerous tests have been developed to characters proper aggregates and 
gradation of the concrete to increase the durability of the concrete. The research of the 
aggregates was done in asphalt concrete and Portland cement (Wu et al., 1998). Durability 
has been one of the most important factors in concrete and durability of concrete also 
depends on gradation of the concrete mixture. Some studies have been done on asphalt 
and Portland cement. The effect of fly ash replacing Portland cement and use of dense 
aggregate has been studied in some researches. When the fly ash content is increased, the 
chloride ion penetration was reduced, and the gradation has been showing the positive 
results. Also, the use of dense aggregates was beneficial in past (Jerath, S., & Hanson, N., 
2007). The mixtures having granite or gravel in it showed brilliant performance. The 
aggregate limestone from different states in U.S.A. was also investigated (Kevern et al., 
2009). Evaluation of different aggregates has been done including recycled concrete 
aggregates and when compared to coarse aggregates, the results showed the recycled 
concrete aggregates had higher absorption than recycled coarse aggregates (Gokce et al., 
2011) (Medina et al., 2013). In this research the Portland cement is replaced by fly ash 
partially and the coarse aggregate are also taken. Two mixtures, one with Wisconsin 
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limestone aggregate and other with Wisconsin gravel were used and durability of concrete 
with this mixture was tested. 
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CHAPTER 3. CONCRETE PLACEMENT AND MIXTURE DESIGN 
3.1  Test Section and Site Location 
Zignego Ready-Mix Plant in Waukesha, WI was test section which was 
constructed for this research purpose. Two distinct mixes were prepared, one containing 
southern Wisconsin limestone as a main aggregate and other, was northern Wisconsin 
igneous Gravel in the second mixture. 
Significant prior plans were established to permit the construction of the test site 
in early October 2015 and were completed shortly after the progress notice. Constantly 
interacting with the Zignego personnel appropriate mix designs were developed. 
Supported by the Wisconsin Concrete Pavement Association and Trierweiler 
Construction, enough quantities of northern Igneous gravel were transported and 
classified. The details were finalized in the end of September prior to construction by 
POC members. 
The pavement test section in Waukesha was selected considering set-up, paving, 
field curing, and pavement sectioning with no disruptions due to public trafficking. The 
test section produced was 10 feet wide, 100 feet long and 10 inches thick. The 100 feet 
length is divided into two 50 feet lengths and each section used a separate mix design that 
included coarse aggregates of southern limestone and northern Igneous Gravels. Figure 
3.1 and 3.2 shows the location and site view of Zignego Ready-Mix Plant in Waukesha, 
WI. The site was selected such as the Ready-Mix Plant and the paving remain in the same 
campus. 
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Figure 3.1Showing Site Plan of the Zignego Ready-Mix Plan (Crovetti, J.A., & Kevern, 
J. T., 2018) 
 
 
 
 
 
 
 
 
 
Figure 3.2Showing the location of the plant in the map (Crovetti, J.A., & Kevern, J. T., 
2018) 
 
 
Entrance                          Ready Mix Plant          Paving 
Site  
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3.2  Mix Designs 
The typical mix design used in the produced test section was originally proposed 
by the Zignego Ready Mix and confirmed with the WI A / FA 30% L / CHRT 1 & 2 
hand-pour mix design. This mixed design uses a w /cm ratio of 0.42 and has an air content 
and slump of 6.0% and 2-4 inches, respectively. The proposed total gradation for this mix 
design were analyzed using the CP Tech aggregate system analysis procedure developed 
at Iowa State University. Figure 3.3 provides the basic mix design for test section for 
construction. 
For the WI A / FA 30% L / CHRT 1 & 2 hand pour mixed design discussed above, 
the number 1 limestone coarse aggregate was replaced by the northern igneous rock 
gravel supplied by Trierweiler Construction and Supply Company. Figure3.4 provides 
gradient information for this gravel rough aggregate. A gradient suitable for use in the 
project has been developed using this gravel circle instead of stone number 1 in the 
limestone mixture.  
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Figure 3.3 Typical mix design for test section (Crovetti, J.A., & Kevern, J. T.,  2018) 
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Figure 3.4 Gradation for igneous gravel (Crovetti, J.A., & Kevern, J. T., 2018) 
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3.3  Concept design of test section 
(Crovetti, J.A., & Kevern, J. T., 2018) as it is : The entire test section is designed 
to allow the installation of numerous partial depths sawed joints using saw types, saw 
blade types, top cutting timing and deformation of concrete pavement types. The entire 
100-feet test section was divided into two 50-feet test sections (Crovetti, J.A., & Kevern, 
J. T., 2018) 
Complete cutting the research element design includes key factors in mixed 
design types (limestone or gravel coarse aggregate). Within each mix design, two 
doweled and un-dowelled control joints are created, using conventional and initial entry 
saws to achieve optimum sawtooth timing. Each test item includes four additional factors 
for un-doweled concrete pavement location as follows: 
• Factor 2 – Saw Type (Early Entry or Conventional) – 2 Levels 
• Factor 3 – Saw Timing (Early or Late in Allowable Window) – 2 Levels 
• Factor 4 – Blade Type (Hard or Soft Aggregate) – 2 Levels 
• Factor 5 – Blade Wear (New or Aged) – 2 Levels 
The traverse sawing is made up of two to three feet of vertical spacing, each of 
which is timed appropriately to provide enough separation to mitigate the temperature 
effects of adjacent top-cuts. Figure 3.5 provides an overview sketch of the saw cutting 
layout within each mix design. The numbers shown in black indicate the specified joint 
number, with those in boxes representing joints cut with the early entry saw. The red 
numbers indicate the longitudinal position of each saw cut in feet, starting at the concrete 
pouring start position. The blue star indicates the location of the mid-depth temperature 
probe. As indicated by the black joint number, the transverse joint saw cutting advances 
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in the opposite direction of the paving, shortening the time between the paving and the 
start of the early entry saw cutting. (Crovetti, J.A., & Kevern, J. T., 2018) 
 
Figure 3.5 Layout sketch of sawcut joints within each mixture type (Crovetti, J.A., & 
Kevern, J. T., 2018) 
 
The factorial design for the transverse saw cutting incorporates four factors, each 
with 2 design levels, resulting in a 2x2x2x2=16 factorial.  Each of these 16 factorial cells 
represents a unique combination of saw timing, saw type, blade type and blade wear.  
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Table 1 and 2 provide a full listing of the factorial cell designations for each of the 20-
transverse saw cut locations within each mix design. However, this study focuses on the 
durability of concrete after applying silane on the concrete surface. The table is only 
shown to determine the difference between the samples. 
 
Table 2 Traverse saw cutting designation- Limestone mixture (Crovetti, J.A. & Kevern, 
J. T., 2018) 
Saw 
Type 
Saw Cut 
Timing 
Joint   
Number 
Station      
(ft) 
Blade  
Type 
Blade 
Condition 
Doweled 
Joint 
Early 
Entry 
Early 
1 48.5 SOFT NEW NO 
2 46 SOFT OLD NO 
3 43.5 HARD OLD NO 
4 41 HARD NEW NO 
Optimal 
5 38.5 SOFT NEW YES 
6 36 SOFT NEW NO 
Late 
7 10 SOFT NEW NO 
8 7.5 SOFT OLD NO 
9 5 HARD OLD NO 
10 2.5 HARD NEW NO 
Conventional 
Early 
11 33 SOFT NEW NO 
12 31 OLD OLD NO 
13 29 HARD NEW NO 
14 27 OLD OLD NO 
Optimal 
15 24 SOFT NEW NO 
16 22 SOFT NEW YES 
Late 
17 20 HARD NEW NO 
18 18 OLD OLD NO 
19 16 SOFT NEW NO 
20 14 OLD OLD NO 
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Table 3 Traverse saw cut joints- Gravel mixture (Crovetti, J.A., & Kevern, J. T., 2018) 
Saw 
Type 
Saw Cut 
Timing 
Joint   
Number 
Station      
(ft) 
Blade  
Type 
Blade 
Condition 
Doweled 
Joint 
Early 
Entry 
Early 
1 48.5 HARD NEW NO 
2 46 HARD OLD NO 
3 43.5 SOFT OLD NO 
4 41 SOFT NEW NO 
Optimal 
5 38.5 HARD NEW YES 
6 36 HARD NEW NO 
Late 
7 10 HARD NEW NO 
8 7.5 HARD OLD NO 
9 5 SOFT OLD NO 
10 2.5 SOFT NEW NO 
Conventional 
Early 
11 33 OLD OLD NO 
12 31 HARD NEW NO 
13 29 OLD OLD NO 
14 27 SOFT NEW NO 
Optimal 
15 24 HARD NEW NO 
16 22 HARD NEW YES 
Late 
17 20 OLD OLD NO 
18 18 SOFT NEW NO 
19 16 HARD NEW NO 
20 14 OLD OLD NO 
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3.4  Test section construction at Zignego Plant 
The paving was started with two 8.50 CY batches of limestone mixtures at 7:15 
am and 7:28 am on October 7. Both the batches were placed, finished and consolidated 
by 7:48 am and was cured effectively by 8:15 am. The temperature during this process 
barely fluctuated from 52 – 54 oF. 
The paving was sequenced to the first 8.50 CY batch and gravel mixture, arriving 
in the test section, then at 8:40am.  The arrangement of the second 8.50 CY gravel mix 
arrived at 8:54am.  Two batches of gravel were arranged, integrated and completed by 
9:08AM.  The curing compound was applied to the spray at 9:35am.  The air temperature 
that is commonly used during this period is 55. 
Every load was tested by two HTCP certified personnel from R.A smith obeying 
the testing standards from ASTM and AASTHO also in accordance of WisDOT 
construction manual chapter 8. The batch ingredients were provided by Scott Zignego 
right after the paving process. Figures 3.6  through 3.13 provide representative shots taken 
during construction. Table 4 through 7  provide the summary results from all field tests 
performed. 
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Figure 3.6 Showing site prior to paving operations 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7 Showing paving crew and test crew waiting on first batch 
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Figure 3.8 Paving operations within limestone mixture 
 
 
 
 
  
 
 
 
 
 
Figure 3.9 Application of curing compound over limestone mixture 
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Figure 3.10 Paving operation within gravel mixture near dowel basket 
 
 
 
 
 
 
 
 
 
 
Figure 3.11 Application of curing compound over gravel mixture 
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Figure 3.12 Completed test sections with joint location markings 
 
 
 
Figure 3.13 Preparation of initial sawing of limestone mixture 
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Table 4 Mix Properties-Limestone Batch-1 (R.A. Smith National) 
  
 
Table 5  Mix Properties – Limestone Batch 2 (R.A. Smith National) 
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Table 6  Mix Properties- Gravel Batch 1 (R.A. Smith National) 
 
Table 7 Mix Properties- Gravel Batch 2 (R.A. Smith National) 
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3.5  Preparation 
After saw cutting the samples when arrived in UMKC and coating it with 40% 
with silane, the samples were ready to be tested according to ASTM C 672. Following 
the ASTM, the samples were required to be sealed on all sides so the salt-water solution 
stays up on the surface. Figure 3.14 shows the basic outline of how the sample should 
look like. 
 
Figure 3.14 Showing the basic figure of the deicer preparation 
 
As shown in figure 3.15, there was a gap left on the saw cut face so that the salt 
water solution can also reach the sample vertically and results on both joints and surface 
can be taken and analyzed. Total of 30 deicer samples were tested out of which 19 were 
limestone mixture and 11 of them were granite mixture. List of all the samples that were 
prepared to test are listed in table 3. 
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Figure 3.15 Showing the gap on the saw cut face of deicer 
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CHAPTER 4. LABORATORY TESTING METHODOLOGY 
4.1  Absorption Testing 
Generally, ASTM C1585 is referenced for the absorption test and determining the 
rate of absorption. The absorption was measured on 4-inch cubes following the standard 
method. All the sides of the cube were wrapped in aluminum thin foil, except the saw cut 
face and the bottom surface of the cube was exposed to the de-ionized water and they 
were placed on the plastic hook for keeping it a little high so that the water touches every 
part exposed to it. This test typically involves collecting the mass change periodically for 
first 6 hours and then one measurement a day for next 8 days. The amount of absorbed 
water is normalized by the cross-section area of the specimen exposed to the fluid using 
the equation below: 
i = mt/(a) 
where i is the normalized absorbed fluid volume, mt is the change in specimen 
mass at time t; a is the area of the specimen exposed to the fluid (i.e., that of the bottom 
face), and q is the density of the absorbed fluid. The figure 4.1 shows the limestone 
sample tested for absorption and the stand below the block is for support in the water 
bath. 
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Figure 4.1 Sample tested for absorption 
4.2  Deicer Scaling 
The testing was performed according to ASTM C672, all the samples silane 
coated and, there was  a gap left on the saw cut face to allow salt penetration on the joint 
face so that results can be collected for both surface and joints. According to ASTM, 4% 
of NaCl was used. Usage of calcium chloride was avoided to prevent formation of 
calcium oxychloride that damages the joints of the sample. Every sample was kept in the 
freezer for the testing and the data was collected regularly at every 5 cycles. 
Figure 4.2 shows the samples at the beginning of the test, L05 is the sample the 
left side is the sample which is original and the sample on the right side is the silane 
coated one. Both the samples were from the same parent block. During the test the 
temperature was kept in utmost consideration and the 40-0 40 F was set on the freezer. 
All the samples were tested for 50 cycles and the data was recorded after 5 cycles 
for each sample. All samples were tested until 50 cycles at a rate of one cycle per day. 
Once finished testing samples were sawn perpendicular to the field-sawn joint face. Silver 
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nitrate was applied to the perpendicular face as a chloride depth indicator. Silver nitrate 
forms silver chloride when the chloride concentration is above 165 ppm. Silver chloride 
is white and otherwise silver hydroxide will form, which is brown. Figure 4.3 shows the 
bisected field-cut face of L15 after applying silver nitrate. The joint face is located on the 
left-hand side of the picture and it can be clearly observed that penetration depth was 
greater through the joint face than from the surface. Penetration data is an average of three 
points measure from either the surface or joint face. 
 
Figure 4.2 Showing the both silane and original sample at the beginning of the test 
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Figure 4.3 Silver chloride penetration indication 
The figure 4.4 shows the chloride penetration in one of the samples L17, the joint 
face is on the left and the measurements for surface face is the longer side on the top. It 
is clear from the figure the joint face has more salt penetration than the surface face. In 
figure 4.5 chloride penetration was recorded after an attempt to cut the sample 
perpendicularly by the wet saw, the figure depicts that the chloride penetration was hard 
to note down the readings as it washed off all the chlorides from the deicer.  
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Figure 4.4 Chloride penetration in one of the samples. 
 
 
Figure 4.5 Chloride penetration of the sample cut perpendicularly by wet saw 
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CHAPTER 5. RESULTS AND EVALUATION OF SAMPLES 
5.1 Deicer Scaling Testing Results  
Deicer scaling and chloride penetration results were recorded for both limestone 
and granite mixture. Results for limestone samples are shown in figure 5.1 to 5.4. Silane 
treated samples showed better results than non-treated samples with almost no difference 
visually. Figure 5.5 shows worst performing limestone sample before and after testing 
and figure 5.6 shows the same sample after testing but silane treated. The figure 5.7 shows 
the best performing limestone sample L17 and figure 5.8 shows the silane treated sample 
of best performing limestone sample. 
 
 
Figure 5.1 L05 after 50 cycles 
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Figure 5.2 Shows L15 after 50 cycles. 
 
 
Figure 5.3 Showing Ls15 after 50 cycles 
 39 
 
 
Figure 5.4 showing Ls13 after 50 cycles 
 
 
Figure 5.5 Showing L16, the worst performing non-treated sample before and after 50 
cycles 
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Figure 5.6 L16, silane coated sample after 50 cycles 
 
 
 
Figure 5.7 L17, not treated best performing sample before and after 50 cycles 
 41 
 
 
 
Figure 5.8 L17, best performing limestone silane treated sample after 50 cycles 
Chloride penetration was not uniform in limestone samples. The average chloride 
penetration along the joint was the same between the untreated and treated samples of 
12.70 mm. For the limestone samples, the penetration from the surface decreased from 
12.70 mm for the untreated samples to 9.65 mm for the treated samples. Table 8 and table 
9 shows the limestone deicer results for chloride penetration and rating of surface scaling 
of concrete samples silane non-treated and treated at 50 cycles respectively. The figures 
5.9 and 5.10 shows the chloride penetration in worst performing limestone non-treated 
sample and best performing limestone non-treated sample respectively. The figures 5.11 
and 5.12 shows the chloride penetration in worst performing limestone treated sample 
and the best performing limestone treated sample. The readings of chloride penetration 
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sometimes were not clear due to aggregates absorbing silver nitrate, so they were noted 
“-“ 
 
Table 8  Deicer results of limestone mixture non-treated 
Sample 
Rating at 50 
Cycles 
Avg Joint Penetration 
(mm) 
Avg Surface 
Penetration (mm) 
L01 2 10 8 
L05 2 12 10 
L06 1-2 14 10 
L08 1 18 17 
L09 2-3  -  - 
L10 2-3 9 19 
L15 1 13 14 
L16 3-4  -  - 
L17 0 13 11 
L18 2 10 10 
     Average                                                   13                                       13 
*    “-“ shows the reading of chloride penetration was not clear. 
 
Table 9  Deicer results of limestone mixture treated 
     Average                                                   12                                        10 
 
*    “-“ shows the reading of chloride penetration was not clear. 
 
Sample 
Rating at 50 
Cycles 
Avg Joint 
Penetration(mm) 
Avg Surface 
Penetration(mm) 
Ls05 0 12 12 
Ls06 0 12 6 
LS08 1-2 -   - 
Ls09 1-2 16 10 
Ls10 1 8 6 
Ls15 0 16 12 
Ls16 0 5 8 
Ls17 0 16 12 
Ls18 0 12 8 
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              Figure 5.9 Chloride penetration in worst performing limestone sample L16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    Figure 5.10 Chloride penetration of best performing limestone sample L17 
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Figure 5.11 Chloride penetration of silane treated sample of L16 
 
 
Figure 5.12 Chloride penetration of silane treated limestone sample L17 
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The granite mixtures had better performance than the limestone mixture, with an 
improvement in performance between the untreated and silane-treated samples. Table 10 
and table 11 shows the deicer results for granite samples non-treated and silane treated 
respectively. The figures 5.13 through 5.15 shows the granite samples after testing. The 
figure 5.16 shows the worst performing granite sample not treated and silane treated 
sample, still better performing than limestone samples and figure 5.17 shows the chloride 
penetration in worst performing granite sample and the treated worst performing granite 
sample. There was significant reduction in chloride penetration of granite samples unlike 
limestone samples. The average penetration along the joint face reduced from 12.70 mm  
to 6.85 mm and from 11.43 mm to 6.85mm from the surface. 
 
 
Figure 5.13 Granite sample G15 after 50 cycles 
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Figure 5.14 Granite sample Gs06 after 50 cycles 
 
 
Figure 5.15 Granite sample G19 after 50 cycles 
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Table 10  Deicer results of granite samples non-treated 
Sample 
Rating at 50 
Cycles 
Avg Joint Penetration 
(mm) 
Avg Surface 
Penetration (mm) 
G01 1 20 21 
G03 2 8 13 
G05 2 8 8 
G15 2 9 8 
G16 2 21 7 
G19 1 8 11 
        Average                                                 13                                    11  
 
 
Table 11  Deicer results of granite samples treated 
Sample 
Rating at 50 
Cycles 
Avg Joint 
Penetration(mm) 
Avg Surface 
Penetration(mm) 
Gs03 0 2 2 
Gs05 1 4 2 
Gs06 0 11 19 
Gs16 0 8 7 
Gs19 0 8 6 
     Average                                                    7                                         7 
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Figure 5.16 Not silane treated and treated sample of worst performing granite sample 
G05 
 
 
Figure 5.17 Chloride penetration of worst performing granite not treated sample G05 
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Figure 5.18 Chloride penetration of granite sample G05 after silane treating 
5.2 Analysis of Deicer Test Results 
After the testing and evaluating the results of limestone and granite samples, they 
were compared based on surface penetration, joint penetration among the silane treated 
and the not treated samples. Figure 5.19 and 5.20 shows the comparison between the joint 
and surface penetration in limestone samples, treated and not treated. Figures 5.21 and 
5.22 shows the comparison between the joint and surface penetration in granite sample, 
treated and not treated. Analyses made it clear that granite samples showed a significant 
change in penetration by applying the silane coating on the samples compared to 
limestone samples. Correlation was also carried out between the ratings given after 50 
cycles for silane treated samples and non-treated samples and chloride penetration at 
surface, however no correlation was determined between them as the trend line did not 
follow the path of points of rating given at 50 cycle. The figures 5.23 and 5.24 shows the 
correlation graph of visual rating given at 50 cycles and average surface penetration of 
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limestone samples treated and not treated respectively. The figures 5.25 and 5.26 shows 
the correlation graph of visual rating given at 50 cycles and average surface penetration 
of granite samples treated and not treated respectively.  
Analyses by anova single factor method was done on all the chloride penetration 
data of granite and limestone samples between silane treated and non-treated on the joint 
face as well as the surface. P value was calculated for the comparison. P value shows the 
value if comparison to be significantly different by rejecting the null hypothesis or 
significantly no difference and considering the null hypothesis. In most of the statistics it 
says P-value less 0.05 depicts two samples which are compared is significantly different, 
while  P-value more 0.05 depicts the samples compared are not significantly different. 
Table 12 shows the comparison of samples based on chloride penetration on joints treated 
and non-treated by silane on both granite and limestone, the results show that both granite 
and limestone samples are not significantly different. while, Table 13 shows the 
comparison of samples based on chloride penetration on surface treated and non-treated 
on both granite and limestone, the results show that granite samples are significantly 
different on chloride penetration on surface but on the other hand limestone samples are 
not significantly different. 
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Figure 5.19 Comparison of chloride penetration in limestone samples at joints before 
and after silane treatment 
 
            
Figure 5.20 Comparison of chloride penetration in limestone samples at surface before 
and after silane treatment 
0
5
10
15
20
25
L05 L06 L10 L15 L17 L18
D
ep
th
 o
f 
ch
lo
ri
d
e 
P
en
et
ra
ti
o
n
 a
t 
jo
in
ts
 (
m
m
)
Limestone Sample
Avg chloride penetration at joints - Not Treated
Avg  chloride penetration at joints - Treated
0
5
10
15
20
25
L05 L06 L10 L15 L17 L18
D
ep
th
 o
f 
ch
lo
ri
d
e 
 p
en
et
ra
ti
o
n
 a
t 
su
rf
ac
e 
(m
m
)
Limestone Samples
Avg chloride penetration at
surface - Not treated
Avg chloride penetration at
surface - treated
 52 
 
 
 
Figure 5.21 Comparison of chloride penetration in granite samples at joints before and 
after silane treatment 
 
Figure 5.22 Comparison of chloride penetration in granite samples at surface before and 
after silane treatment 
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Figure 5.23 Correlation between avg chloride penetration at surface and rating at 50 
cycles for limestone treated samples 
 
 
Figure 5.24 Correlation between avg chloride penetration from surface and rating at 50 
cycles for limestone non-treated sample 
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Figure 5.25 Correlation between average chloride penetration from surface and rating at 
50 cycles for granite silane treated samples 
 
 
Figure 5.26 Correlation between average chloride penetration from surface and rating at 
50 cycles for granite silane treated samples 
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Table 12 Determining significance of granite and limestone samples by chloride 
penetration on joints data between treated and non-treated 
Sample 
Sample 
No. 
Joint 
Penetration 
(Non- 
treated)(mm) 
  Joint 
Penetration  
(Treated)(mm)   
P 
value Statistically 
Granite 
G03 8 2 
0.13 
Not 
Significant 
G05 8 4 
G16 21 8 
G19 8 8 
Limestone 
L05 13 12 
0.68 
Not 
Significant 
L06 14 12 
L10 9 8 
L15 13 16 
L17 13 16 
L18 10 13 
 
 
Table 13 Determining significance of granite and limestone samples by chloride 
penetration on surface data between treated and non-treated 
Sample 
Sample 
No. 
Surface 
Penetration 
(Non-
treated)(mm) 
Surface 
Penetration 
(Treated)(mm) 
P 
value Statistically 
Granite 
G03 13 2 
0.02 Significant 
G05 8 2 
G16 7 7 
G19 11 6 
Limestone 
L05 10 13 
0.12 
Not 
Significant 
L06 11 7 
L10 19 7 
L15 14 12 
L17 12 12 
L18 10 8 
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5.3 Absorption Results and Analysis 
Absorption of the sample was simple process, the sample is placed in such a 
manner that the water is absorbed from the sawn face and is under constant examination 
for 6 hours, this defines the initial absorption gradient up to 6 hours where the water is 
absorbed at very fast rate and then the readings of absorption are taken every 24 hours for 
7 days and the absorption is comparatively very slow. Data was collected, and various 
comparisons were done among limestone samples and granite samples. Comparison was 
done within the sample in limestone and samples in granite. The figures 5.27 through 
5.29 provides the details of comparison in limestone and granite samples. The significant 
decrease in absorption was seen when the samples were coated with silane sealer. 
Correlation graphs were plotted to determine the correlation between the visual rating and 
absorption, however there was no correlation between the two. The figures 5.30 and 5.31 
shows the correlation of average absorption and limestone sample silane treated and not 
treated respectively, there was no correlation between them. The figure 5.32 shows the 
correlation between the granite non-treated sample and average absorption, no relation 
was seen between them. Statistics were carried out on the absorption data obtained from 
samples by anova  single factor method and probability of the comparison being the same 
was calculated. Anova single factor method calculates the P value of the comparison and 
majority of analyses said that P value less than 0.05 or which is near to zero that indicates 
the comparison is significant and there is a difference between the comparison made 
hypothetically, while P value greater than 0.05 or near to 1.0 indicates the comparison is 
similar and null hypothesis is true. The table 14 shows that there was significant reduction 
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in absorption when coated with silane both in limestone and granite as the P value was 
less than 0.05 in both limestone and granite samples. 
 
 
           Figure 5.27 Comparison of absorption in limestone sample L01 treated and not 
treated 
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Figure 5.28 Comparison of absorption in limestone sample L15 treated and not treated 
 
 
        
Figure 5.29 Comparison of absorption in granite sample G19 treated and not treated 
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Figure 5.30 Correlation of absorption and visual rating in limestone non-treated samples 
 
 
 
    Figure 5.31 Correlation of absorption and visual rating in limestone treated samples 
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     Figure 5.32 Correlation of absorption and visual rating in granite non-treated 
samples. 
 
 
Table 14 Comparing absorption data by Anova Single Factor Method 
Sample (Silane /Non-
silane) 
P value(Anova single 
factor) Statistically 
L01 0.00 Significant 
L15 0.00 Significant 
G01 0.02 Significant 
G13 0.00 Significant 
G18 0.00 Significant 
G19 0.00 Significant 
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CHAPTER 6. SUMMARY, CONCLUSION & RECOMMENDATIONS 
6.1 Summary 
The state of Wisconsin has experienced concrete deterioration due to deicer salts 
in large number recently. Millions are spent annually in maintenance of these concretes. 
The overall objective of this study was to investigate absorption, surface scaling and 
chloride penetration on the concrete made of two distinct mixes, with limestone and 
granite in either mixes and compare performance when treated with a silane penetrating 
sealer. 
Deterioration caused by salt scaling was examined from concrete produced from 
a test section with two mixtures having limestone in one and granite in the other. After 
saw cutting pavement at specific size, the blocks were transported to UMKC for testing. 
Laboratory testing was conducted on the concrete samples including water absorption, 
surface scaling due to deicers, and chloride penetration 
6.2 Conclusions 
Based on the research results the following conclusions can be drawn: 
• The absorption in limestone and gravel samples were acceptable overall. 
Absorption was lower in the granite samples.  
• The absorption in limestone and igneous gravel reduced when silane applied 
samples were tested.  
• The granite mixture had better deicer scaling performance than the limestone - 
mixture. 
• Chloride penetration improved in limestone mixture samples but was not 
observed significant. 
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•  Granite samples showed significant improvement on chloride penetration on 
surface of more than 40%, while chloride penetration on joints showed better 
performance but was not significant according to hypothesis. 
6.3 Recommendations 
The topical application of a silane penetrating sealer significantly reduced water 
absorption and improved deicer scaling of the concrete. However, chloride penetration 
results using visible inspection did not correlate with absorption or scaling. If chloride 
penetration or diffusion is needed for lifecycle analysis, AASHTO T259/T260 ponding 
and titration should be performed. The laboratory results were highly promising and 
research translation to the field is a primary recommendation.  
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